A commercial bullfrog (Rana castesbeiana) operation in south Georgia had multiple epizootics of systemic bacterial infections over a 3-year period, 1998-2000. A number of potential pathogens (Aeromonas hydrophila, Chryseobacterium (Flavobacterium) meningosepticum, Chryseobacterium (Flavobacterium) indolgenes, Edwardsiella tarda, Citrobacter freundii, Pseudomonas spp., and (Streptococcus iniae) were isolated from various tissues. Clinically, frogs demonstrated acute onset of torticolis, stupor, and indifference to stimuli. Cutaneous hyperemia, subcutaneous and muscular hemorrhage, and peripheral edema were consistent gross findings. Histologically, clusters of lymphocytes, monocytes, and occasional acidophiles with scattered granulomas occurred in liver, kidney, and spleen. This is the first report of S. inae and C. meningosepticum as potential disease agents in R. castesbeiana. These findings suggest that a variety of bacteria may be associated with redleg and that culture results must be obtained for accurate diagnosis.
Domestic farming of frogs is a growing industry, as the demand for frogs increases for use as pets, food, experimental animals, and educational tools. Farming operations require that frogs be placed in confinement and, as with many other species, this often leads to an increased risk of disease and mass mortality. 4 Within the aquatic environment, frogs are in intimate contact with a number of potentially pathogenic bacteria. Under normal conditions, the animals remain clinically healthy but when stressed by crowding or unsanitary conditions, bacterial opportunists may overcome weakened immune barriers and cause disease. Previous clinical reports of diseased frogs have implicated Aeromonas hydrophila, 3 Citrobacter freundii, 3 Acinetobacter lwoffii, 4 Flavobacterium spp., 4, 7 Pseudomonas spp., 4 Staphylococcus epidermidis, 3 Edwardsiella tarda, 5 Proteus spp., 4 and Alcaligenes faecalis 6 as potential pathogens.
A commercial frog operation in southern Georgia experienced sporadic epizootics of bacterial sepsis (redleg) between 1998 and 2000. At the facility, juvenile frogs are maintained in aquaria with a continuous (once through) water spray system. As young adults, frogs are transferred to outdoor ponds and maintained until transferred to surrounding ponds or sold commercially. Frogs in both aquaria and ponds are kept at very high animal densities that vary with season and commercial demand. The frogs are fed bulk pelleted ration produced on site.
A total of 17 representative live frogs were submitted for necropsy on 6 separate occasions. Upon submission for necropsy, frogs were given a routine physical examination and then euthanized by transdermal exposure to 70% benzocaine followed by intraperitoneal 50% pentothal. A routine necropsy was performed and representative tissues were submitted for histopathology. Tissues were fixed in 10% buffered formalin, embedded in paraffin, processed routinely, and stained by hematoxylin and eosin, Gram, and Kinyoun's acid-fast methods.
Sections of individual tissues (lung, kidney, spleen, brain, intestine, and stomach) and an abdominal swab were aseptically collected at necropsy and inoculated onto blood agar plates and into thioglycollate broth. Inoculated media were incubated at 30 C with duplicate blood agar plates incubated in the presence or absence of 5% CO 2 . Intestine also was inoculated onto Hektoen enteric agar and incubated at 30 C. Bacteria selected from pure cultures were stained by the Gram method, and then the cultures were inoculated according to manufacturers' instructions into Sensititre a Gram negative AP80 or Gram positive AP90 autoidentification plates, and the antibiotic sensitivity plate CMVIECOF and allowed to incubate for 18 hours at 37 C before automated reading of the reactions. Any isolates that failed to be identified by the Sensititre system were identified by either the RapID NF Plus System b or the API20E system. c Bacterial isolates, with antibiotic patterns, from these cases are listed in Table 1 . The Sensititre susceptibility system uses a microversion of the classic broth dilution method. The NCCLS approved standard (M31-A) was used to determine the breakpoint concentration of an antimicrobic that inhibits the growth of bacteria. No antimicrobics have been approved for frogs, so antimicrobics approved for food animals were used. An antimicrobic is listed in Table 1 only if 90% or greater of the isolates of a particular bacterial species were sensitive or resistant.
Clinically, the frogs demonstrated acute onset of torticolis, stupor, and indifference to stimuli. Gross lesions were relatively consistent in frogs from multiple epizootics. Cutaneous hyperemia was noted especially on the extremities and flanks. Legs were often swollen with marked subcutaneous edema and focal areas of hemorrhage within the skeletal muscle. The liver, spleen, and kidney were often severely enlarged. In a few cases, the liver was discolored with multiple pale foci and the kidneys were usually congested.
Histologically, moderate macrovesicular hepatocellular vacuolar change, mild cord atrophy, and foci of necrosis were noted in the liver. Increased numbers of monocytes and lymphocytes frequently were noted in the liver and kidneys, with multiple granulomas present in several frogs. All granulomas were negative for acid-fast organisms when using acid-fast stains, although small rod-shaped bacteria were occasionally identified in these tissues stained by the hematoxylin and eosin method. The skin contained multifocal areas of epidermal degeneration with abundant dermal edema and a mixed dermal inflammatory infiltrate that varied from mild to severe. In a few cases, the epidermis was eroded or focally ulcerated, with bacteria present in subepidermal vesicles. Blood vessels in the skin and multiple organs were congested and hyperemic. The skeletal muscle in most of the frogs examined contained moderate multifocal hemorrhage and myocyte necrosis (characterized by myofragmentation, loss of striations, hypereosinophilia, loss of nuclei, and karyorrhectic debris), perimyseal edema, and mild accumulations of acidophils and monocytes. Bacterial rods were commonly identified in the affected muscle and subcutis. Small foci of lymphocytic necrosis and generalized depletion were found in the spleen in several frogs. A few perivascular clusters of acidophils were noted in the meninges and rarely in the neuropil of the brain. Intestinal mucosa contained a mild lymphoplasmacytic infiltrate in a few cases.
With the exception of Streptococcus iniae, all of the bacterial species isolated have been reported previously as potential frog pathogens. Previously, S. iniae was reported as an etiologic agent of disease in several fish species (Oreochromis spp.
[tilapia], 9 Lates calcarifer [barumunda], 1 Morone chrysops ϫ M. saxatilis [hybrid striped bass], 9 Sciaenops ocellatus [red drum] 2 and 2 mammals (humans 11 and Inia geoffrensis [freshwater dolphins]. 8 This is the first report of S. iniae involvement in an amphibian disease outbreak. Chryseobacterium meningosepticum was reported previously as an etiologic agent in an epizootic from a colony of South African clawed frogs (Xenopus laevis), 5 and was isolated from a colony of leopard frogs (Rana pipiens). 10 This is the first report of C. meningosepticum as a potential disease agent in R. castesbeiana.
Granulomas noted in visceral organs were reminiscent of mycobacteriosis, but acid-fast stains were constantly negative. Mycobacterium marinum has been reported previously as a pathogen in frogs and other amphibians. Negative mycobacterial cultures also diminish the role of mycobacteria in these cases. Acute bacterial sepsis or redleg in frogs has historically been associated with A. hydrophila 12 ; however, several other species have been implicated in the pathogenesis of this syndrome. 12 These have included Flavobacterium (Chryseobacterium), Proteus, Pseudomonas, and other Aeromonas spp. 4 Poor husbandry practices such as crowding, poor water quality, spoiled food, and inappropriate cage design have been suggested as predisposing factors. 12 Similar clinical signs to those in this report, including anorexia, lethargy, cutaneous hyperemia, peripheral edema, subcutaneous hemorrhage, cutaneous ulceration, and sudden death, have been reported previously. Hepatic cord atrophy and hepatocellular vacuolar change can be associated with seasonality and hibernation in frogs, but in these cases they likely resulted from anorexia. Neurologic clinical signs were considered to be secondary rather than primary, because only a few frogs had histologic evidence of meningitis or encephalitis. Other clinical signs, including bloating or ascites, have been reported, but were not detected in our cases. All of these lesions are likely nonspecific findings of septicemia in frogs and may indicate a preference for skin, subcutis, and muscle to bacterial colonization. Although antibiotic therapy instituted in individual aquaria successfully decreased mortalities in these outbreaks, treatment of ponds was not undertaken because of cost and logistical difficulties. Decreasing stress by limiting animal densities and improving water quality may be the most effective preventative management. Traditionally, A. hydrophila has been considered the cause of bacterial sepsis or redleg in frogs. However, the findings of this study suggest that several opportunistic pathogens may be associated with this clinical syndrome, emphasizing the importance of bac-terial cultures in identifying the particular bacterial species responsible for a given epizootic.
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